The aim of this paper is to discuss some of the statistical findings which have arisen from the study of the clinical records of patients suffering from Meniere's disease, in some of whom the follow up was over 10 years.
The prognosis and treatment of unilateral Meniere's disease depend much on the statistical studies of several authors over the past three decades (Brain 1938 , Cawthorne et al. 1942 , Cawthome & Hewlett 1954 , Harrison & Naftalin 1968 ). However, during the past three years, the findings of these workers have been seriously challenged by Stahle & Bergman (1967) and by Enander & Stahle (1967 , 1969 , whose figures are, however, based on a selected series of 210 patients with severe vertigo referred for ultrasonic irradiation, together with another 124 unselected cases. Because of this important conflict of opinion, this review has been undertaken in order to establish the position, at least so far as it applies to this country.
Our material consists of cases collected from three different hospitals. The case records, which were consecutive and totally unselected, were carefully examined and the information transposed to an edge-punch card index system; cards were designed especially for the purpose.
The diagnosis of Meniere's disease must, of course, always be a clinical one and is thus open to question, as only rarely can confirmation be made by laboratory evidence. The patients in this series were mostly examined by the same otologist (MSH) and the presence of deafness, tinnitus and vertigo in typical episodic relationship has been used as the basic criteria of diagnosis. It is obvious that errors could be included in a series of this size, but it is hoped that statistical trends will become clear, reducing such errors to a minimum.
Pure tone audiometry was carried out at the initial attendance and thereafter periodically. The presence of loudness recruitment was estimated in virtually all cases, either by using Fowler's loudness balance test or by measuring of the loudness discomfort level (Hood 1966) . Caloric testing, by the method described by , was carried out on most patients and tests repeated as clinically indicated. Further tests of auditory nerve function "Present address: St Bartholomews Hospital, London ECI were performed as necessary and where facilities permitted; they included electronystagmography and rotational testing.
The series has the disadvantage of being retrospective but it is hoped that the use of a standard approach and examination throughout the series will reduce errors to a minimum.
Results
There were 610 cases, of which 303 were male and 307 were female. The follow-up rate is shown in Table 1 . The importance of these figures lies in the 141 cases (33.3 % of cases with measurable follow up) which were accurately followed up for longer than five years. These, together with the cases followed up for a shorter period, have enabled an accurate picture of the disease to be formed.
Age at Presentation
The age at presentation was noted in most cases (Table 2) . It can be seen that there is general agreement between the various series shown. In order that a more accurate appraisal could be made, an unselected sample of 183 cases, taken from the present series, was examined in more detail. This shows the predominant presenting age to be 50-54 years (Table 3 ). Pure Tone Audiometry Pure tone audiometry was performed on all patients at intervals. The initial and the final audiograms were then classified, using with modifications the system devised by Carhart (1945) . The divisions used were as follows:
(1) Audiograms which were basically flat.
(2) Audiograms in which the curve fell gradually in a gentle slope from left to right. The difference between the auditory threshold at the lowest and the highest frequency must be no greater than 30 dB.
(3) Audiograms with a similar pattern to Group 2 but where the difference between auditory threshold at the lowest and highest frequency is in excess of 30 dB.
(4) Audiograms in which part of the curve shows a rising tendency passing from left to right.
(5) Audiograms in which there is a localized dip confined to a narrow frequency band.
(6) Audiograms which, although basically flat, show a fall-off, often sharply, in the higher frequency.
Most audiograms fell without difficulty into one of the above groups (Goodman 1965) . Table 4 shows the distribution of audiogram types in this series, together with the work of Enander & Stahle (1967) for comparison. Again it can be seen that there is general agreement between these two series. There is no particular type of curve characteristic of Meniere's disease. The flat type of audiogram proves to be the commonest. Numerically, this is followed by the gently sloping type of curve. In the present series the rising type of curve, said to be so characteristic of Meniere's disease, was found in 12-2 % of cases. As the disease becomes established it is interesting to note that the audiogram types tend to be retained although the trend is for the later curves to be flatter. Table 5 shows the small proportion, only 82 from 435 cases (18-8%), in which a change in audiogram type occurred during the period of follow up. This confirms the trend toward flatter audiograms. Of particular interest are the 15 cases developing the rising type of curve during the later stages of the disease. Meniere's disease is progressive in many cases. In this investigation progression was said to occur if three or more audiograms showed a progressive change. Such a change was capable of being assessed in 297 cases; of these, 165 cases (55 5 %) showed progression, always in the direction of increasing deafness. In order to state progression of the hearing loss in numerical terms, a 10 dB increase has served as a useful unit. Those cases with sufficient follow up showed an average of 1-55 units (15-5 dB) increase in hearing loss per case during the first 5-year period and an increase of only 0-71 units (7-1 dB) during the second 5-year period and thereafter. It should be remembered that this significant difference is probably an underestimate, as cases followed up for the longer period of time would tend to be those with persistent and troublesome symptoms. It is a distinct clinical impression that fluctuation and progression occurred in association. The retrospective nature of this study prevented accurate synchronization of this relationship being confirmed. However, Table 6 shows the incidence of progression in those cases showing fluctuation of the hearing level over the speech frequencies. It can be seen that the proportion of cases showing progression is persistently higher when fluctuation has been demonstrated (71-4-80-0 %) than in the series as a whole (55 5 %).
Fluctuation
Fluctuation in the hearing level was said to occur if, with a minimum of three audiograms, the hearing level changed over the whole or part of the frequency range by at least 15 dB and then re-turned to its original level. The patients were often aware of these fluctuations.
Using these criteria, there were 251 cases in which there was sufficient information to assess fluctuation. It was present in 100 cases (400 %). In 45 of these it affected the whole frequency range whereas in 32 cases the frequencies at or below 1,000 Hz were involved and in 23 cases the frequencies above 1,000 Hz were those affected.
Previous workers have stated that fluctuation occurs mainly in the early stages of the disease (Schuknecht 1963) , although, as Lindsay (1949 Lindsay ( , 1960 has shown, cases occasionally occur during the later course of the disease. The cases in this series, shown in Table 7 , confirm this and therefore contrast greatly with the finding of Enander & Stahle (1967) who found fluctuation 'on the whole equally common in the early and in the advanced stage of the disease'.
Bilaterality
Cases were considered bilateral when the symptoms, together with the audiometric findings considered consistent with Meni6re's disease, were found to affect both ears. The disease was found to be bilateral in 180 cases (31-8 %) from a total of 564 cases in which there was sufficient information to assess its presence. The time at which the bilateral nature became apparent can be seen from Table 8 . The statistical significance of the overall incidence (31 8 %) and of the figures quoted in Table 8 is in fact questionable because it must be borne in mind this is a retrospective study. A more interesting study can be made by considering only those bilateral cases which were followed up for at least ten years. The results are shown in Table 9 .
Tables 8 and 9, especially the latter, show indisputable evidence that the bilateral nature of Meniere's disease will be manifest, in those cases which are to become bilateral, almost always within five years of presentation. Indeed, in most The presenting symptom and the delay between this and the occurrence of the second manifestation of the triad of deafness, tinnitus and vertigo were noted throughout the series. The results are presented in Table 10 and a comparison is shown between these results and those of previous investigators. It can be seen that all the series differ, sometimes widely, in their assessment of the presenting symptom. The present investigation shows a predominance of patients presenting with vertigo. This may be a reflection of the source of the patients considered, many of whom were referred from neurological clinics. It does, however, confirm a commonly held clinical impression that vertigo is a very frequent presenting feature.
The second symptom arose within one year of the first in 45 5 % of cases, within two years of the first in 75-7 % of cases and within five years of the first in 97 4 % of cases.
Caloric Testing
In most cases caloric testing was undertaken when the patient first presented. It was repeated, in some cases, at a later date. The pattern of the caloric response, together with similar estimations made by Cawthorne et al. (1942) and later by Cawthorne & Hewlett (1954) , are shown in Table   11 . Broadly speaking the series are comparable, virtually all the responses indicating some labyrinthine depression. Stahle & Bergman (1967) state 'in this (Meniere's) disease the caloric may be normal' and they later state that caloric tests are abnormal in 84% of cases. In the present series caloric abnormalities have been universal. It may therefore be concluded that in established Meniere's disease, as defined by the criteria previously mentioned, an abnormal caloric test is an essential finding without which the diagnosis of Meniere's disease must be in doubt.
Conclusions
The 610 consecutive cases may be considered representative of Meniere's disease as it presents in clinical practice in Southern England.
The common age of presentation was 50-54 years. In this series a common presenting feature was vertigo and in this respect our findings differ from those of others (Day 1950 , Cawthorne & Hewlett 1954 , Enander & Stahle 1967 ).
There were no particular audiometric curves which can be regarded as characteristic of Meni6re's disease (Harrison & Naftalin 1968 ). The present series showed the wide distribution of audiogram types, with a predominance of the flatter curves. The series also confirmed the findings of Bjork (1964) who showed that the rising type of curve occurred in both the early and later stages of the disease.
The hearing loss was progressive in 55-5 % of cases, but this proportion was higher (71*4-80-0 %) when fluctuation of the hearing level had been noted. Both progression and fluctuation were more common during the first five years of the disease.
The disease was bilateral in 31 8 % of cases. Although both ears continued to show progression, the onset of bilateral symptoms was noted early in the disease, usually within two years of presentation. This was in agreement with the views of Day (1950) . This series was originally planned because it was felt that the late onset of bilateral Meniere's disease, as suggested by Enander & Stahle (1967) , would present a serious contraindication to the use of destructive labyrinthine surgery in apparently unilateral cases of Meniere's disease. It would, however, appear from the figures presented in this series that these fears are unfounded.
Mr K G Malcomson (Bristol) said that nearly all otologists and general practitioners throughout the world treated Meniere's disease with nicotinic acid or other vasodilators, thereby tacitly contributing to the belief that there was a disorder in the cochlear microcirculation. The only autonomic nerves destined for the cochlea were sympathetic, arising in the first and second segments of the thoracic segment of the spinal cord. If vasodilator treatment were being given it was not being done to dampen sympathetic overactivity.
The internal auditory artery is on average 10 mm in diameter so that vasoconstriction of it or of any of its smaller end-arteries must cause considerable impairment of the cochlear microcirculation.
The most astounding mystery was that when surgical treatment was contemplated, the foundation on which conservative treatment was based was immediately dismissed and every conceivable operation (without regard to the enthusiasm with which conservative treatment had been embraced) was used to treat this condition symptomatically by partial or total destruction of the labyrinth and/or the vestibular nerves. This was a gigantic contradiction of the whole conception of the disease, based on the findings of Hallpike &Cairns (1938) , of dilatation of the membranous labyrinth. Practically every otologist had blithely accepted this etiology without giving it deeper thought. If Meni6re's disease were a psychosomatic disorder (as had been proved by Hinchcliffe, 1967) with autonomic overactivity, it followed that the stria vascularis went into spasm for it had no vasodilating autonomic opponent. The effect of prolonged vasoconstriction (an attack of Meniere's disease might last for many hours) was a profound reactive vasodilatation and exudation of fluid from the capillaries. Hence the 'hydrops'.
In animal experiments Seymour's work (1960) indicated that prolonged vasoconstriction produced initially a reduction in the fluid of the membranous labyrinth and Reissner's membrane partly collapsed into the cochlear duct. If the animal were allowed to survive for a day, exactly the opposite had been found, namely 'hydrops', for by then the capillary permeability had produced results.
Every otologist who had encountered a patient in the acute phase of Meniere's disease could not fail to be impressed with the fact that the attack might be halted almost immediately by a sympathetic block. Mr Malcomson could only conclude that the conception of 'hydrops' as being the initial basic and fundamental etiology was a delusion when the more obvious explanation of the etiology was primarily vasoconstriction as described above.
TIhe conservative treatment of Meniere's disease had been dominated by the use of vasodilators which would surely aggravate a pre-existing 'hydrops'. Amyl nitrite was a very powerful vasodilator and a most effective method of aborting or shortening an attack of Meniere's disease in some patients.
If the hearing loss was about 40-50 dB, a preganglionic (pre-stellate) sympathectomy provided the best chance of avoiding deterioration of hearing. It did not, however, eliminate the effects of circulating adrenalin which was likely to increase at times of stress. The giddy attacks might continue but were never so severe unless the patient was under great stress.
This seemed to Mr Malcomson the most rational explanation for the phenomenon of Meniere's disease. 'Hydrops' was the end result and not the beginning of Meniere's disease, just as an enlarged heart is the end-result of prolonged raised peripheral resistance and not the cause of hypertension.
